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Abstract 
Ecological restaurant will be the main type of restaurants in the future. It has the characteristics of restaurants and large space steel-
structure building in ecological restaurant. The traditional methods to separating fire compartment is unsuitable in ecological restaurant. 
Combining with the characteristics of ecological restaurant, the new method to separating fire compartment by using existed landscape 
water system was presented, and its feasibility was proved by the calculation of theoretical model and FDS model. The result of this paper 
will provide reference for fire compartmentation of ecological restaurant. 
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Nomenclature 
q total thermal radiation flux (kW/m2) 
qs thermal radiation flux of smoke (kW/m2) 
qf thermal radiation flux of flame (kW/m2) 
qc critical radiant flux (kW/m2) 
Q heat release rate (kW) 
R distance between the ignition source and combustible (m) 
Rc critical safety width of landscape water system (m) 
HRR      heat release rate per unit area (kW/m2) 
S scale of combustible (m2) 
1. Introduction 
With the rapid development of economic, the demand of the dining environment is increasing, so ecological restaurant 
has appeared and the number of it is increasing. It will become one of the most important part of restaurants. Ecological 
restaurant is a green catering building with the subject of the ecological environment, and it is single greenhouse building 
with large steel structure. It has the characteristics such as large span, high indoor headroom (generally greater than 8 m), 
and large area occupied in ecological restaurant. Most of ecological restaurants cover an area about 5000 m2, but some of 
them cover more than 10000 m2. Compared with the ordinary restaurant, ecological restaurant has large fire loads and high 
density population, and there are more fire risks in ecological restaurant. The method to separating fire compartment could 
stop the fire spreading and strive for much time to escape. So it is necessary to study on the separating of fire compartment, 
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which could reduce the fire risk and protect the people’s life effectively. However, the papers about the separating of 
ecological restaurant’s fire compartment are very few, which were studied by the scholars at home or at abroad. So the new 
method to separating fire compartment was proposed in this article. This paper will provide reference for the separating of 
fire compartment in the ecological restaurant.  
2. Problems on the separating of fire compartment  
 
Fig. 1. Ecological restaurant 
The design of the ecological restaurant is made comprehensively by architecture, landscape architecture, facilities 
horticulture, ecology and so on. It has a lot of landscape, plants and landscape water system, which constructs a beautiful 
dining environment in ecological restaurant.  
According to the provision in Code for Fire Protection Design of Buildings (GB50016-2014), when the building has fire 
resistance rating level 1 or 2 and sets automatic fire extinguishing system, the most large-scale fire compartment is 5000 m2, 
[1]. But the construction area of ecological restaurant generally is more than 5000 m2, so the fire compartment must be 
separated in ecological restaurant. However, the traditional methods to separating fire compartment is unsuitable in 
ecological restaurant such as the firewall, fire door and fire roller shutter. It is necessary to propose a new method that could 
meet the environmental requirements and fire protection design requirements at the same time. 
2.1. The disadvantage of firewall and fire door in ecological restaurant  
If the fire compartment of ecological restaurant is separated by firewall and fire doorˈthe building will lose the effect of 
large open space and will be not suitable for layout of plant and landscape. 
2.2. The disadvantage of water curtain in ecological restaurant 
According to the provision in Code of Design for Sprinkler Systems (GB50084-2001), the water curtain should not be 
used to where the opening size is more than 15m. However, the length of ecological restaurant generally could reach tens of 
meters, [2]. If the water curtain is used to separate the fire compartment of ecological restaurant, the supply of water will be 
much and it will waste a lot of money. At the same time, the indoor headroom is much high, the fire extinguishing effect 
will be weaken. 
2.3. The disadvantage of fire roller shutter in ecological restaurant 
If the fire roller shutter is used to separate the fire compartment of ecological restaurant, it will not meet the requirements 
of fire protection. Because ecological restaurant has large area occupied and there are few shore of building, they cannot 
meet the requirements for shutter arrangement. Meanwhile, the indoor headroom is much high, the vault of the center 
position may partly improve, so the upper part of shutter could not be separated. 
3. Discussion of the concrete solutions 
A group of international and domestic academics have gaining a certain researching achievement about using fire 
isolation belt to separate the fire compartment when the traditional methods to separating fire compartment are unsuitable. 
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The fire isolation belt must satisfy two conditions: (a) Flammable materials should not exist with the fire isolation belt. (b) 
The fire isolation belt must be wide enough to avoid the spreading of the fire. There are quite a few landscape water systems 
in ecologic restaurant, which may not exist flammable materials. As long as the landscape water system could be guaranteed 
wide enough, it could work as the fire isolation belt. This article envisages that the landscape water systems inside ecologic 
restaurants could be the fire isolation belt, accordingly, it could separate the fire compartment. As a result, it could not only 
satisfy the demand of the fire protection design, but also the beautification design.  
3.1. The width calculation of the landscape water system 
3.1.1. The theoretical model 
The hypothesis is that, the combustible A outbreaks of fire when the adjacent combustible B receives thermal radiation 
which mainly produced from the thermal radiation of combustible A’s flame and hot smoke layer, as shown in Figure 2. 
Therefore, the total thermal radiation flux, which the combustible B received when the combustible A had been on fire, 
could give representation as follows: 
                                                                                 ൌ ୱ ൅ ୤                                                                                       (1)    
Where, q represents the total thermal radiation flux, kW/m2; qs stands for the thermal radiation flux of smoke, kW/m2; qf 
is the thermal radiation flux of flame, kW/m2.  
 
Fig. 2. Schematic diagram of thermal radiation 
When the total thermal radiation flux that combustible B received reaches the minimum thermal radiation flux to ignite 
the surface of combustible, it will be ignited, and the minimum thermal radiation flux is also called critical thermal radiation 
flux, which is stands for qc. 
When q൒qc, the combustible B will be ignited and the fire will spread to other areas; When q<qc, the fire will not spread 
to other areas. 
3.1.2. Define the critical radiant flux qc 
National Fire Protection Association (NFPA) have been analyzed and experimentally studied on critical radiant with 
different materials, the experiment results show as follows: the critical radiant of the combustible (for example, newspapers) 
is 10 kW/m2; the critical radiant of the general material (for example, decoration and furniture) is 20 kW/m2˗the critical 
radiant of the non-flammable materials (for example, the thickness of timber more than 25 mm) is 40 kW/m2, [3]. In 
addition, the SFPE Handbook of Fire Protection Engineering (SFPE) made regulations that the minimum critical radiant to 
ignite the combustible is 10 kW/m2, and this minimum has been often considered as the minimum to ignite the combustible, 
such as paper and veneer, [4]. According to the status quo of the ecological restaurants, most wooden furniture inside has 
not been equipped effectively to be fire retardant, as a result, the critical radiant is 10 kW/m2 that qc=10 kW/m2. 
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3.1.3. Define the total radiation heat flux q 
According to the domestic and foreign related to achievement of study, when the headroom is more than 8 m indoor, the 
effect to the objective combustible, which is produced by the thermal radiation of hot smoke layer, could be mostly ignored. 
Thus, when calculate the total radiation heat flux q that the combustible B received, only consider the radiation heat flux qf 
produced by flame, and q=qf. 
3.1.4. Define the thermal radiation flux of flame qf  
 
Fig. 3. Schematic diagram of thermal radiation of flame 
According to relevant researches worldwide, ignition source model is used to study thermal radiation flux of flame in 
big-space of buildings, as shown in Figure 3. Ignition source is pretty precise, and it gains great popularity among the 
researches. The NFPA92B, published by NFPA, the relationship between thermal radiation flux of flame and heat release 
rate could give representation as follows, [5]: 
                                                                                       ୤ ൌ
୕
ଵଶ஠ୖమ                                                                                    (2) 
Where, Q represents the heat release rate, kW; qf is the thermal radiation flux of flame, kW/m2; R means the distance 
between the ignition source and combustible, m. 
From  equation 3, it could be concluded that qf is inversely proportional to R2. As long as R is large enough, it is certain 
that q=qf<qcˈthat is the fire will not spread to other areas. The critical safety width of landscape water system is Rc.  
From equation 3: 
                                                                                          ൌ ට ୕ଵଶ஠୯౜                                                                                (3) 
When the width of landscape water system is guaranteed: 
                                                                                          ൒ େ ൌ ට
୕
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                                                                      (4) 
The fire will not spread to other areas. 
3.1.5. Define the heat release rate Q 
The heat release rate is relevant to HRR and the scale of the combustibles. Where, Q represents the heat release rate, kW; 
HRR is the heat release rate per unit area, kW/m2; S means the scale of combustible, m2. 
                                                                                           ൌ  ή                                                                              (5) 
3.1.5.1. Define the scale of the combustibles 
Due to the great amount of wood furniture in ecological restaurant, when there is a fire, it is mostly likely that wooden 
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furniture will burn the neighboring combustibles. Therefore, the assumption is made that the ignition source is wooden 
furniture. According to researches, the scale of table in ecological restaurants is 2 m×2 m×0.8 m, the thickness 0.3 mˈthe 
table leg 0.5 m, its superficial area S=16.8 m2. 
3.1.5.2. Define the heat release rate per unit area (HRR) 
Table 1. The heat release rate per unit area of solid combustibles 
 
 
 
 
 
 
 
 
 
 
The experimental result of the heat release rate per unit area of solid combustibles is given by foreigner researchers, as 
shown in Table 1, [6]. According to Table 1 the conclusion is made that HRR of wooden furniture is 268 kW/m2̚346 
kW/m2. For ensuring safety, when the critical width of landscape water system is defined, the HRR is maximum -346 
kW/m2. 
3.1.6. Define the criticality safety width of landscape water system Rc 
From equation 4 and equation 5, the representation could be given as follow: 
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As long as the width of landscape water system is guaranteed 
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The fire will not spread to other areas. 
3.2. FDS simulation  
The calculation of theoretical model ignored the thermal radiation flux of smoke layer, which may cause a small 
difference. Giving full consideration to the thermal radiation flux of flame and thermal radiation flux of smoke layer, the 
result will be more accurate in FDS model. The width of landscape water system could be defined by FDS model. 
Compared with the theoretical model, the width of landscape water system is defined much more scientifically and 
accurately. 
3.2.1. FDS model building 
The FDS model is built according to a certain ecological restaurant, which has the characteristics such as large area 
occupied of 13312 m2˄128 mu104 m˅, height up to 13 m. The ecological restaurant is mainly separated into four dining 
area A, B, C, D, viewing area E, and a operation room, the plan of the ecological restaurant as shown in Figure 4. 
 
Solid combustibles HRR˄kW·m-2˅ 
Wooden furniture 268̚346 
Rubber furniture 512̚630 
Stull 624̚864 
Plywood 144̚170 
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Fig. 4. The plan of a certain ecological restaurant  
3.2.1.1. The initial FDS model  
For the convenience of building FDS model, the viewing area could be seen as rectangular. The gridding size of the 
initial FDS model is 0.5 m×0.5 m×0.5 m and the environment temperature of ecological restaurant is 25 ć. The initial FDS 
model is shown in Figure 5.  
 
Fig. 5.  The FDS model of ecological restaurant 
3.2.1.2. The simplified FDS model  
The assumption is made that the fire outbreaks in compartment A, then the fire spreads to compartment B and 
compartment C by separations. If the direction of compartment A to compartment B is considered only, the landscape water 
system could be set between compartment A and compartment B. 
The critical width of landscape water system is less than 10 m, which was proved by several times of theoretical 
calculations. And according to relevant researches worldwide, the critical width of landscape water system is less than 10 m 
certainly. For the precision of calculation, the width of FDS model is 10 mˈand the gridding size of FDS model is 0.2 
m×0.2 m×0.2 m. The simplified FDS model is shown in Figure 6.  
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Fig. 6.  The simplified FDS model 
3.2.2. The setting of fire  
The hypothesis of FDS model is that the combustible A outbreaks of fire and ignites the adjacent combustible B, which 
receives thermal radiation mainly from the flame and hot smoke layer.  When combustible A is fully burning, the thermal 
radiation flux is maximal. Thus, the assumption is made that the source of ignition is constant in FDS model. According to 
equation 3.5 and the principle of equal superficial area, the size of the source of ignition is 3m×3m×0.6m, and the heat 
release rate per unit area is 346 kW/m2. The source of ignition is set on the left-of-center, and the red dots are the 
information collection points of the thermal radiation flux. The setting of FDS model is shown in Figure 6. 
3.2.3. Define the running time of FDS model  
When combustible A is fully burning, the thermal radiation flux is maximal. Thus, it is enough that the wooden furniture 
is fully burning in the running time. According to the researches of National Institute of Standards and Technology about 
similar condition, so long as the running time is much than 180s, the wooden furniture is fully burning. So the running time 
of FDS model is 180s. 
3.2.4. The result analysis of FDS model 
3.2.4.1. The comparison of heat release rate between theoretical model and FDS model 
According to FDS model, the representation between heat release rate and time is shown in Figure 7. 
 
Fig. 7.  The representation between heat release rate and time  
From Figure 3.6, the conclusion could be made that the heat release rate is maximum when it is 62s, and the maximum 
number of heat release rate is 6066 kW. However, the number is 5183 kW, which is given by theoretical model. The reason 
why is that the calculation of theoretical model ignore the thermal radiation flux of smoke layer and the FDS model gives 
full consideration to the thermal radiation flux of flame and the thermal radiation flux of smoke layer. So the result of FDS 
model is slightly bigger than the result of theoretical model. 
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3.2.4.2. The comparison of the width of landscape water system between theoretical model and FDS model 
The result of the distance between the different information collection point and the source of ignition is shown in Table 
2.  
Table 2.  The distance between the different information collection point and the source of ignition 
 
Time 
˄s˅ 
The distance between the different information collection point and the source of ignition (m) 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 
0 0 0 0 0 0 0 0 
6 17.9 14.8 12.8 10.2 8.8 7.2 6.3 
14 17.0 14.1 12.2 9.6 8.3 6.6 5.8 
22 14.1 11.8 10.3 8.3 7.2 5.9 5.2 
30 14.5 12.6 11.0 8.9 7.8 6.3 5.5 
38 12.0 10.9 9.7 8.0 7.0 5.7 4.9 
46 14.2 12.8 11.2 9.0 7.8 6.2 5.4 
54 15.2 12.7 11.1 9.0 7.8 6.4 5.6 
62 15.3 13.9 12.3 10.1 8.8 7.2 6.3 
70 16.3 14.0 12.1 9.7 8.3 6.7 5.8 
78 15.3 13.5 11.7 9.3 8.0 6.4 5.5 
86 15.2 12.8 11.1 8.8 7.6 6.2 5.4 
94 15.3 12.8 11.0 8.7 7.5 6.0 5.2 
102 15.9 13.4 11.6 9.3 8.0 6.5 5.6 
110 16.9 15.6 13.7 11.0 9.5 7.7 6.7 
118 15.5 14.0 12.3 10.1 8.8 7.3 6.4 
126 15.0 12.5 10.9 8.9 7.8 6.4 5.6 
134 16.4 14.0 12.2 9.9 8.6 7.1 6.2 
142 14.0 12.4 10.9 8.7 7.5 6.1 5.3 
150 16.2 14.0 12.1 9.6 8.3 6.7 5.8 
158 14.9 12.3 10.7 8.6 7.5 6.1 5.3 
166 15.4 13.5 11.8 9.3 8.0 6.4 5.5 
174 14.9 12.8 11.1 8.8 7.5 6.0 5.2 
180 16.3 14.0 12.2 9.8 8.4 6.8 5.9 
 
From Table 2, the result shows that the thermal radiation flux which is received by combustible B is more than 10 kW/m2 
when the width of landscape water system is 3.5 m. So combustible B will be ignited. When the width of landscape water 
system is 4.0 m, the thermal radiation flux which is received by combustible B is less than 10 kW/m2. So combustible B will 
be ignited. Thus, the conclusion is made that the width of landscape water system is between 3.5 m~4.0 m. 
Compared with the result of theoretical model of 3.93 m, the result of FDS model is between 3.5 m~4.0 m. It shows that 
the result of theoretical model is in keeping with the result of FDS model in the range of allowable error. If the landscape 
water system is used to separate the fire compartment of ecological restaurant, the width of it should not less than 4.0 m.  
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3.3. The method of engineering application 
Ecological Restaurant itself needs to set up a lot of natural landscape to beautify the environment, to construct a beautiful 
dining environment. The solutions or suggestions were proposed for best results. For example, 4 m fire isolation belt should 
be set, which could be set of 2 m existed landscape water system selectively . And 1 m viewing areas could be set both sides 
of the 2 m existed landscape water system. There should not be flammable materials both existed landscape water system 
and viewing area. However, some ecological restaurants have pavilions and boats in the existed landscape water system, to 
construct a beautiful dining environment. For ensuring safety, the fire isolation belt should be widened under the 
circumstances. 
4. Conclusion 
(a) Ecological restaurant has the large area occupied and a lot of natural landscape. So the traditional method to 
separating fire compartment is unsuitable in ecological restaurant. Meanwhile, the existed landscape water system is 
appropriate for separating fire compartment in ecological restaurant. 
(b) A new method to separating the fire compartment was presented by using the existed landscape water system, and its 
feasibility was proved by theoretical calculation and fire simulation. The minimum of the existed landscape water system is 
4.0 m, which is determined by theoretical calculation and fire simulation. 
(c) The assumption was made in this paper that the existed landscape water system has no flammable material. However, 
some ecological restaurants have pavilions and boats in the existed landscape water system. For ensuring safety, the fire 
isolation belt should be widened under the circumstances.  
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